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1. Introduction

In RAN1#77 meeting, following agreements and working assumptions on D2D T-RPT (time domain resource pattern for transmission) was discussed and captured in [1].
Agreements:
- The same time resource pattern of transmission (T-RPT) is used for each MAC PDU on a per-UE basis

Working Assumptions:
- FFS whether a transmitting UE uses all the transmission opportunities given by the T-RPT in the SA

- T-RPT in the SA indicates:

▪ Transmission interval(s) between transmission of multiple MAC PDUs

▪ Number of transmissions of a given MAC PDU (if more than one value is possible)

▪ Resources for transmission of each MAC PDU

- T-RPT has no more than 256 values

- Time indices (parameters within T-RPT) are defined only for the sub-frames included in the resource pool for Mode 2 and Mode 1 (if a resource pool is defined) and available sub-frames for TDD carriers

- FFS whether (and if so how) the frequency resource might be jointly signalled with time domain info

- FFS whether the interpretation of the bits is UE-specific or common

At RAN1#78, consider details of the T-RPT.
In this contribution, we will discuss details on signaling for T-RPT in SA based on above agreements and working assumptions.

2. Indication of T-RPT
Number of transmissions of a given MAC PDU (if more than one value is possible)

For number of transmissions of a given MAC PDU, the fixed value (e.g. 4) could be used for simplicity. On the other hand, if the flexibility on D2D communication coverage is considered, the other values (e.g. 1, 2 and/or 8) could be also used. 

By the repetitions of transmissions, D2D communication coverage could be extended. Therefore, for a certain scenarios which need lager D2D communication coverage (e.g. D2D communication from ISS located far away from eNodeB and D2D communication coverage as large as possible for emergency situation), the number of transmissions of a given MAC PDU could be large in spite of more overhead for D2D data resource of the given MAC PDU. 
On the other hand, for certain scenarios which need smaller D2D communication coverage (e.g. D2D communication between UEs located with close distance for commercial purpose), the number of transmissions of a given MAC PDU could be small to give smaller overhead for D2D data resource of the given MAC PDU.
To indicate the number of transmissions of a given MAC PDU, 2 bits information could be included in SA as below.
- the number of transmissions of a given MAC PDU: 1, 2, 4, 8 (= 2 bits)

Proposal 1

- The number of transmissions of a given MAC PDU should be more than one value for the flexibility on D2D communication coverage (e.g. 1, 2, 4, 8)
▪ To indicated the number of transmissions of a given MAC PDU, 2 bits information is included in SA
Resources for transmission of each MAC PDU

With considerations on half-duplex constraint and in-band emissions, T-RPT based on Hadamard code could be one of good approach as mention in [2]. 
Followings are assumed explanation:
- T-RPT could be configured with one basic pattern for T-RPT or repetitions of one basic pattern for T-RPT

- X is the number of subframes used for D2D data resource within one basic pattern for T-RPT 
- Y is the number of subframes used for transmission of each MAC PDU within one basic pattern for T-RPT
By the length-2m(=X) Hadamard code, 2m-1(=Y) subframes used for transmission of each MAC PDU could be indicated among 2m(=X) subframes used for D2D data resource. Among 2m-1(=Y) transmissions of each MAC PDU from one UE, the other UE can receive 2m-1(=Y) or 2m-2(=Y/2) transmissions  without collision.
For basic pattern for T-RPT, following 2 alternatives could be applied with considerations on the number of transmissions of a given MAC PDU
Alt 1: (X, Y) of basic pattern for T-RPT = (4, 2)
▪ Base on length-4 Hadamard code as Figure 1
▪ Maximum 6 patters, 3 bits information could be included in SA
[image: image1.emf]1 transmission within 2 transmission opportunities 

(length-2 Hadamard code, total 2 patterns) 

2 transmissions within 4 transmission opportunities

(length-4 Hadamard code, total 6 patterns) 

4 transmissions within 8 transmission opportunities 

(length-8(= 2 repetitions of length-4 Hadamard code) code, total 6 patterns) 

8 transmissions within 16 transmission opportunities 

(length-16(= 4 repetitions of length-4 Hadamard code) code, total 6 patterns) 

Index of T.O. (transmission opportunity)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

pattern 0 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1

pattern 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1

pattern 2 1 1 -1 -1 1 1 -1 -1 1 1 -1 -1 1 1 -1 -1

pattern 3 -1 -1 1 1 -1 -1 1 1 -1 -1 1 1 -1 -1 1 1

pattern 4 1 -1 -1 1 1 -1 -1 1 1 -1 -1 1 1 -1 -1 1

pattern 5 -1 1 1 -1 -1 1 1 -1 -1 1 1 -1 -1 1 1 -1

Index of T.O. 0 1 2 3 Hadamard code

: H

4 

1 1 1 1 1 -1 1 -1 basic pattern 0

1 1 -1 -1 basic pattern 2

1 -1 -1 1 basic pattern 4

Hadamard code

: -H4 

-1 -1 -1 -1

-1 1 -1 1 basic pattern 1

-1 -1 1 1 basic pattern 2

-1 1 1 -1 basic pattern 3


Figure 1: T-RPT configuration based on length-4 Hadamard code 
Alt 2: (X, Y) of basic pattern for T-RPT = (8, 4)

▪ Base on length-8 Hadamard code as Figure 2
▪ Maximum 14 patters, 4 bits information could be included in SA
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Figure 2: T-RPT configuration based on length-8 Hadamard code 
Proposal 2
- T-RPT could be configured with one basic pattern for T-RPT or repetitions of one basic pattern for T-RPT

- The basic pattern for T-RPT could be configured base on length-4 or legnth-8 Hadamard code 
▪ Based on length-4 Hadamard code: maximum 06 patters, 3 bits information included in SA (Figure 1)
▪ Based on length-8 Hadamard code: maximum 14 patters, 4 bits information included in SA (Figure 2)
Transmission interval(s) between transmission of multiple MAC PDUs

For the transmission interval(s) between transmission of multiple MAC PDUs, the transmission interval(s) indicated by the 1st D2D SA could be interval(s) between beginning of D2D data resource allocation period and the 1st MAC PDU indicated by the 1st D2D SA. And, the transmission interval(s) indicated by the Nth D2D SA could be interval(s) between the N-1th MAC PDU indicated by the N-1th D2D SA and the Nth MAC PDU indicated by the Nth D2D SA (N≥2).

The unit to indicate the transmission interval(s) could be one of following 2 alternatives.

Alt 1: subframe used for D2D data resource (= transmission opportunity) 
▪ The number of subframes used for D2D data resource (= transmission opportunity) is indicated for the transmission interval(s) as Figure 3
▪ 4 certain values (e.g. 0/2/4/8, 0/4/8/16 or 0/8/16/32), 2 bits information could be included in SA
▪ 4 certain ratios (e.g. integer value of  0, M/8, M/4 and 3M/8), 2 bits information could be included in SA
▫ M is the total number of subframes used for D2D data resource (= transmission opportunity) within a D2D resource allocation period
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Figure 3: Indication of transmission interval(s) between transmission of multiple MAC PDUs (Alt 1)
Alt 2: Basic pattern for T-RPT

▪ The number of basic patterns for T-RPT is indicated for the transmission interval(s) as Figure 4

▫ In Figure 4, T-RPT for the first MAC PDU includes 2 repetitions of basic pattern #A (it is based on length-4 Hadamard code ((X, Y)=(4, 2)), T-RPT for the second MAC PDU includes 1 repetitions of the basic pattern #A, and the transmission interval is expressed as unit of the basic pattern #A.
▪ 4 certain values (e.g. 0/1/2/4 or 0/2/4/8), 2 bits information could be included in SA
▪ 4 certain ratios (e.g. integer value of  0, R/8, R/4 and 3R/8), 2 bits information could be included in SA

▫ R is the total number of basic patterns for T-RPT within a D2D resource allocation period
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Figure 4: Indication of transmission interval(s) between transmission of multiple MAC PDUs (Alt 2)
Proposal 3
- For the transmission interval(s) between transmission of multiple MAC PDUs
▪ The transmission interval(s) indicated by the 1st D2D SA could be interval(s) between beginning of D2D data resource allocation period and the 1st MAC PDU indicated by the 1st D2D SA
▪ The transmission interval(s) indicated by the Nth D2D SA could be interval(s) between the N-1th MAC PDU indicated by the N-1th D2D SA and the Nth MAC PDU indicated by the Nth D2D SA (N≥2).

- The unit to indicate the transmission interval(s) could be subframe used for D2D data resource (= transmission opportunity) or basic pattern for T-RPT
4. Conclusion 
In this contribution, we discussed considerations on signalling for T-RPT in SA and provided some details with following our proposals:

Proposal 1

- The number of transmissions of a given MAC PDU should be more than one value for the flexibility on D2D communication coverage (e.g. 1, 2, 4, 8)
▪ To indicated the number of transmissions of a given MAC PDU, 2 bits information is included in SA
Proposal 2
- T-RPT could be configured with one basic pattern for T-RPT or repetitions of one basic pattern for T-RPT

- The basic pattern for T-RPT could be configured base on length-4 or legnth-8 Hadamard code 
▪ Based on length-4 Hadamard code: maximum 06 patters, 3 bits information included in SA (Figure 1)
▪ Based on length-8 Hadamard code: maximum 14 patters, 4 bits information included in SA (Figure 2)
Proposal 3
- For the transmission interval(s) between transmission of multiple MAC PDUs
▪ The transmission interval(s) indicated by the 1st D2D SA could be interval(s) between beginning of D2D data resource allocation period and the 1st MAC PDU indicated by the 1st D2D SA
▪ The transmission interval(s) indicated by the Nth D2D SA could be interval(s) between the N-1th MAC PDU indicated by the N-1th D2D SA and the Nth MAC PDU indicated by the Nth D2D SA (N≥2).
- The unit to indicate the transmission interval(s) could be subframe used for D2D data resource (= transmission opportunity) or basic pattern for T-RPT
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